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STAT

TNVESTIGATION QF CATALYTIC i

OXIDATION OF AMMONTA

M, V, Polyekov,
vV, I. Urizko, and

N, P, Galenko

Tn a number of leboratory studies (1-3), in the catalytic
oxidation of ammonia %o nitrogen oxide, the existence of optimum
temperatures and contact durations was established between the

air-ammonis mixture and the catalyst -~ a platimum screen.

At temperatures below the optimum and excossively large
velocities of the gaseous stream, the yield of nitrogen oxide de-
creases because of passage of‘unreacted gmnmonia, while at tempera-
tures above the optimum and excessively low veloclties of the
gaseous stream, & considerable part of the ammonia -is converted

not into nitrogen oxide but into nitrogen.

In several studies a linear correletion between temperature
and contact duration was established which is optimum ingofar as
nitrogen oxide yield is concerned. LEmpirical formulas have been

preposed to express this correlation (4,5). H

In a number of investigations the anomalous effect of ad~
mixbures on the yield of nitrogen oxide was detected, For example,
very small admistures of hydrogen sulfide introduced under condi-
tions other than optimum for nitrogen oxide production, increase

the yield of the latter by 5 to 6 percent (6) and even by 20 to 30

percent (7). At the same time there is observed a shift of opti-
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mum conditlon towards the lower temperatures (from 800 to 700

) degrees Centigrade),

In several studies (8,9) intermediate products have been
lsolated, for example, imid, hydroxylamine, nitrous and nitric

acld.

The thus derived natural laws and facts as well as their
analogues have become the foundation of various hypotheses concer-
ning the mechanism of cetalytic oxidation of ammonia, Here we may
mention only the concepts of a heterogeneous-homogeneous reaction
mechanism, inasmuch as these concepts are most closely associated

with the cited natural laws and facts.

According to one conceft (10,11), there occurs on the sur-
face of the catalyst a decomposition of ammonia to the imid and oxi-
dation of the thus liberated hydrogen to water. Under conditions
which are not optimum for the production of nigrogen oxide at ex-
cessively-high temperatufe levels and contact times, a heteroge-
neous conversion of imid into nitrogen takes place, and only the
evaporation of imid at the proper time into the reaction space con-
tributes (under optimum conditions) to its homogeneous conversion
to hydroxylamine according to the equation NH + H50 —-3 NH,0H, and

: thereafter through a number of intermediate stages into nitrogen

oxide.

According to the concept of Markov (12), the atomic oxygen

formed upon the surface of the catalyst yields with ammonia, under

optimum conditions, first hydroxylamine and then nitrogen oxide and

water:
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condiitions other than optimum, however, the hydrox—

ace, where it causes the

Under
diffuses from the surface into sp

ylemine
A excessively high temperature

formation of atomic nitrogen.

ct durations thils takes place in advance of the

levels and conta

catalyst (diffusion of hydroxylamine against the gaseous stream),

while at low values of these parameters, beyond the catalyst.

The concepts cited are based on experimental data on for-

mation of hydroxylamine (13), which st low pressures is homogen-
sously converted beyond the catalyst not only into nitrogen and
This fact

water, but also into nitrous and then nitric acid.

favors the first concept according to which there is heterogeneous

not of hydroxylamine.

8

formation of imid and

-reaching substantiation as to the correctness of

sides in the fact that de-

A wide

one or the other of these concepts re

fixation of nitrogen under non-opbimum conditions is not caused

by decomposition of nitrogen oxide upon the catalyst surface; in

our laboratory deta obtained by other researchers were confirmed

according to which this decomposition occurs approximately 200

times slower than the nitrogen de-fixation process.

The possibility of increasing nitrogen oxide yields under
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non-optimum conditlons by the use 6f.poisons such as’hydrogan gul~
£ide also indicated the plauslbility of a heterogeneocus~homogeneous
mechanism of ammonia oxidatilon, The polson affects the most ac-
tive centers of the surface at which ammonia is decompesed to ni-
trogen, and thus contributes to the formation of imid, which is
then homogeneously converted into nitrogen oxide, In connection
with what hes been stated hereinbefofe, the question as to the ac~
tual optimum conditions has become of substantial importance, es-
pecially since this problem has been the subject of discussions

over a period of many years.

Some investigators (14 -- 16) have contended that the opti~
mum conditions observed are the results of other secondary causes
and not of the decomposition of nitrogen oxide or of ammonia on

the surface of the catalyst.

The main problem of the ihstant investigation was the de-
termination of the real significance of optimum temperature and
time of contact as reported in the literature in connection with

oxidation of ammonia to nitrogen oxides.

\

Investigation Method

Figure 1 shows diagrammatically the unit which we have
used for the study of catalytic oxitation of ammonia to nitrogen
oxide with atmospheric oxygen, using platinum screens heving a
diameter of 0.8, 1.4, and 1.8 centimeters. The number of aper—
tureg for.l square centimeter of the screen was 96l. Concentra~
tion of smmonie in the ammonia-air mixture fluctuated within the

1imits of 8 and 8.5 percent.
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The contact apparatus considted of & quartz tube 21 cen-
timeters long and 2 centimeters in diameter surrounded by & heating
coil and heat insulating meterial., Within this tube wes placed
another tube 12.5 centimeters long held by means of a ground joint
and having affixed ab ite end the platinum screen of & given dla-
meter., The temperature within the contact apparatus wes regule~
ted by means of the electrical heabing device and was measured by
a platinum~platinum—rhodium thermocouple contained in a quartz
casing end placed at s distance of 1 millimeter from the screen
surface at its central part. Such a method of messuring the tem-
perature of the reaction gases issulng through the screen eliminated
to & considersble extent the complications which are usually una-
voidably connected with the heating of the gases, not only by the
externally-applied heat but also as a result of the strongly exo=-

thermic reaction.

-3 Air

Exeess NH3

Figure 1. Diagram of the unit for catalytic oxidation of ammonia.
1, regulator; 2, canister with activated carbon; 3, buffer flask;
4, bottle with sulfuric acid (oleum), trap, towers with NaOH and
CaCly; 5, rheometer; 6, mixer; 7, cylinder with liquid ammonia;

8, buffer flask; 9, tower with NaOH; 10, rheometer; 11, mixer;

: 12, contact apparatus
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Determination of the emmenia and nitrogen oxide contents

of the gaseous mixture was mede gravimetrically by the evacuated
flasks method of Gaillard, Methods of feed, purification, and for-
mation of the ammonia~air mixture require no description; they are
apparent from the drawing.of Figure 1 showing the unit., It should
be only mentioned that amall amounts of admixed hydrogen sulfide
and of other gases were fed into the contact apparatus through a

special rheometer.

Results Obtained and Their Discussion

Yield of nitrogen oxide as a function of temperature and
velocity of the gaseous stream was studied using platinum screens
0.8, 1.4, and 1.8 centimeters in diameter within the temperature
range of 310 to 1040 degrees‘at space velocities 18 to 360 liters

per hour. !

To illustrate the correlations thus determined, Figure 2
shows a juxtaposition of a number of curves giving the relation of
nitrogen oxide yields and temperature at space velocities of the i
gaseous stream, from 18 up to 360 liters per hour. Diameter of !
the sereen was 1.4 centimeters. Analogous sets of curves were
obtained with screens hafing a dismeter of 0.8 and 1.8 centimeters.
% contact
activation
i‘ Figure 2, Nitrogen oxide yield as a function of temperature and
flow velocity of the ammonia-air mixture. Diameter of screen l.4
centimeters. I. Flow velocity, 0.3 liters per minute. Iil Flow
velocity 0.5 liters per-minute. III. Flow velpcity 1.0.1liters per .
minute. IV. Flow velocity 3:0 1iteré“ﬁe;'minute. V. Flow velocity

6,0 liters per minute.
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From Figure 2 it can be seen that: (1) with inereasing

temperature yield of nitrogen oxide increases at first, reaches an
optimum at temperatures of the order of 750 to 850 degrees Centl-
grade, and decreases therveafter; (2) with increasing velocity of
the gaseous stream the opbtimum shifts toward higher temperatures.
The regular nature of this shift is épparsnt from Figure 3, in
which the data of Figure 2 are plotted on coordinates lgz and

TOK, where z 1s duration of contact, while T is the absolute tem-
perature. Values of z were calculated by means of four formulas
proposed by V. I, Atroshchenko, G. K, Boreskov, Andrusov, and I.

M. Libinson. The diameter of the screen is l.4 centimeters.

Figure 3., Optimum duration of contact between reaction mixture
and catalyst as a function of the temperature, Diameter of screen
1.4 centimeters. According to formula of: I, Atroshchenko; II,

Bereskov; III, Andrusov; IV, Libinson

Figures 4 and 5 show two sets of straight lines obtained on
using screens with a diambter of 1.8 and 0.8 centimeters, In these ]
cases a linear correlation exists between lgz and T. The straight
: lines for z calculated by means of the formula of I, M. Libinson,
| show inclination angles different from those of the straight lines
obtained when z was calculated using the formulas of V. I. Atroshch-

enko, G. K. Boreskov, and Andrusov.
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Flgure 4. Optimum duration of contact between reaction mixture
and catalyst as a functlon of the temperature. Diameter of screen
0.8 centimeters, According to formula of: I, Atroshchenko; II,

Bereskov; IIL, Andrusov; IV, Libinson,

Figure 5. Optimum duretion of contact between reaction mixture
end catalyst as a function of temperature, Diameter of screen 1.8
centimeters, According to formula of: I, Atroshchenko; II, Bore-

skov; IIT, Andrusov; IV, Libinson

Figure 6 shows a juxtabposition of straight lines obtained
using the formula of V. I. Atroshchenko, in the case of screens
of three different diameters -- 6.8, 1.4, and 1.8 centiﬁeters.

We see that inclination angle of the straight line corresponding to
the screen 1./ centimeters in diameter differs sharply from the
almost identical angles of inclination of straight lines corres-
ponding to screens having a diameter of 0.8 and 1.8 centimeters.
This fact leads to the conclusion that the occurrence of optima
depends not only on temperature and duration of contact but also

on the walls of the quartz vessel, since screens having diameters
of 0,8 and 1.8 centimeters were used in the same vessel, while
screens having a diameter of 1.4 centimeters in a vessel having a

larger surface area of the walls.
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Figure 6., OComparison of curves I of figures 3, 4, and 5, calcu-

lated by means of the formula of Atroshchenko, Diameter of screens

1oy 1.8, and 0.8 centimetoers. Caleulation of z according to for=-
mula of Atroshchenko: I, for screen d = 1.4 centimeters; 1L, for

sereen d = 1,8 centimeters; II1, for screen 4 = 0.8 centimeters,

Tn this connection, Figure 7 becomes of speclal importance.
Tt shows the dependence of nitrogen oxide yield on linear velo~
city of the gaseous stream, at 650, 750, 850, and 950 degrees
Centigrade in the case of screens 0,8 and 1.8 centimeters in dia-
meter used in the same vessel. Solid line curves refer to the
screen 0.8 centimebers in diaﬁeter while those in dotted lines to

that having a diameter of 1.8 centimeters.

Diameters of screens 0.8 and 1.8 cm

% of contact !

| activation g
Velocity of gas flow 1/min, cme

Figure 7. Yield of nitrogen oxide as & function of linear flow

é velocity of reaction mixture at temperatures of 650, 750, 850, and

950 degrees Centigrade. Dismeter of screens, 0.8 and 1.8 cenbi-

meters. 1, 650 degrees with 1.8 centimeter screen; 2, 650 degrees

with 0.8 centimeter screenj 3, 750 degrees with 1.8 centimeter

screen; 4, 750 degrees with 0.8 centimeter screen; 5, 850 degrees
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(Figure 7, cont'd) with 1.8 centimeter screen; 6, 850 degrees
with 0.8 centimeter screen; 7, 950 degrees with 1.8 centlmeter

screen; 8, 950 degrees with 0,8 centimeter screen,

We see that solid and dotted lines form contilnuous curves
which are characteristic of the dependency of NO yield on contact
duration; this dependence is clearly not affected by dimensions
of the screen. Consequently the change in &nclination of the
straight line corresponding to the 1.4 centimeter screen (Figure
6) is also caused not by dimensions of the screen but by the sur-

the screen-
face size of/adjoining inner tube walls of the reaction vessel;
these walls under certain conditions clearly participate in the
reaction by contributing to the conversion of ammonia into nitro-

gen, and cause at high temperatureé and low velocities of the

gaseous stream (figures 2 and 7) the occurrence of optima,

A series of preliminary experiments was conducted with the
purpose of determining the part played by nitrogen oxide decom-
position in the de-fixation of nitrogen, which is observed under
non-optimum conditions. A study was mede of the correlation be-
tween the degree of nitrogen oxide decomposition and the tempera-

ture, at a velocity of the gaseous stream amounting to 11.7 li-

..--+ters per hour per square centimeter using a screen 1.8 centimeters

in diameter; the mixture cantained & percent nitrogen oxide,~92 per-

cent air, and & percent nitrogen oxide, 92 percent nitrogen.

Experiments have shown that increase of temperature from

800 to 1100 degrees Centigrade results in a higher degree of nitro-

-20 -
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gen oxlde decomposhtion which rises from 0.4 to & percent, and

R

that consequently this decomposition cannot be the ceuse of ni- ﬁ
tro de~fixatlon under non~optimum conditions of catalytic oxlda-
tion of ammonia; the degree of this defixation within the indi~

cated temperature interval reaches 70 to 90 percent.

Thus our experiments have confirmed the corrvectness of
data obtained by other investigators (16), who had reached the con- }
clusion that it is not possible to explain occurrence of optima

by a decomposition of nitrogen oxide.

The velidity of the explanation proposed in the present
paper as being the actual cause has been verified in a large num-
ber of experiments devoted to the study of the decompostion of am—
monia in tubes containing no catalyst and under conditions of
poisoning of the tube walls by small amounts of admixed hydrogen
sulfide utilized as the poison. We contemplated the discovery
in this manner not only the cause of optima occurrence, but also
to determine the mechanism of increase in nitrogen oxide yields,
reaching 5 to 6 percent (6) and even 20 to 30 percent (7), and
attained by the use of small admistures of a poison —- hydrogen
sulfide. We assumed that this increase in the yield of nitrogen
oxide is the result of a decreased de-fixation of ammonia on the
walls of the qﬁaf%i vessel due to the polsoning of these walls by

the action of hydrogen sulfide.

However, before the experiments referred to were started,
L 1t was found that removal of the screen from the reaction vessel

does not ensure complete removal of the platinum; the latter in

- 21 -
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in the form of a dust covers a considerable portion of the walls,
contributing thereby about 40 to 50 percent of the catalyst ac-
tivity: the yleld of nitrogen oxide decreases, following removal

of the screen, from 91 to 95 percent to 40 to 50 percent.

This fact reveals the activation mechanism of a platinum
catalyst over a period of many hours, which is attained by passing
through the vessel the reaction mixture at temperatures of the

order of 700 to 800 degrees Centigrade.

The mechanism of catalyst activation is clearly not limi-
ted to change of structure or surface area of the platinum screen.
During the activation process a portion of the vessel walls be-~
comes coated with platinum dust, which necessarily causes a con-
siderable increase of catalyst surface and, what is not less im-
portant, a decrease of the wall surface taking part in defixation

of ammonia and decreasing the yleld of nitrogen oxide.

Curve IT in Figure 8 illustrates what takes place on com-
plete removel of the platinum by repeated treatment of the vessel
with aqua regia and boiling distilled water, This curve shows de-
composition of ammonia as & function of temperature in a vessel

free of platinum (velocity of gaseous stream 1 liter per minute) .

This decompostion (10 to 20 percent) is appreciable even at
temperatures below 500 degrees Centigrade, and Teaches almost 100

-

percent at temperatures of the order of 1000 degrees Centigrade.

Curve I of Figure 8 shows the dependence of nitrogen oxide

yields on the temperature, under identical conditions and within

- 2R -
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the same vessel, in catalytic oxidatlon of ammonia by means of a
platinum screen, A comparison of the two curves leads to the con-
cluslon that the right arm of curve I is the effect of de~fixation
of ammonia down to nitrogen to which contributes the surface of
quartz tube walls free from platinum dust., Thls platinum is pre-
clsely the cause of decrease in de-fixation by the vessel walls

in comparison with what takes place under non-catalytic conditlons
of the process (curve IT), TInsofar as the left arm of curve I

is concerned, it is connected primarily with the passage of un-
reacted ammonia which increases om decrease of the temperature,

It must be assumed that even under optimum conditions we never
have a hundred percent oxidation of ammonia to nitrogen oxide be-
cause a small portion of it is converted to nitrogen, in which
process the %alls of the vessel take part, while another portion

passes through the screen without reacting.

% decomposition of

ammonia

Figure 8. Comparison of curve showing yield of nitrogen oxide as
a function of the temperature (I);with the curve showing degree of
ammonia decomposition as a function of temperature (II). Space ve-

locity of gaseous flow 1 liter per mimite, Diameter of screen 1.4

centimeters. I, Oxidation of NH3; II, Decomposition of NHs.
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, : From figures 9 and 10 it can be seen that decomposition of

anmonia in a vessel free of platinum follows a fully regular course.
Figure 9 shows the dependence of ammonia decomposition, expreased
in percent, on the temperature in the case of veloclties of the alr-
ammonla mixture amounting £o 0.5 liters per minute (curve I), 2 Li-
ters per minute (curve II), and 4 liters per minute (eurve III),
while Figure 10 shows the dependence of the percentage of ammonia
decomposition on velocity of the air»ammoniﬂ‘stream at tempera-
tures of 600 degrees Centigrade (curve I), 700 degrees Centi~

grade (curve II), and 800 degrees Centigrade (curve II0).

¢ decomposition of

ammonia

Figure 9. Degree of ammonia decomposition with participation of
quartz vessel walls, as a functlon of temperature, at space velo-
city of gaseous stream of air-ammonie mixture amounting to 0.5
1iters per minute (curve I), 2.0 liters per minube (curve II), end
4.0 liters per minute (curve TII)., Surface of walls 52 square cen-
timeters. I, 0.5 libers per minute; II, 2.0 liters per minuhej

I1L, 4.0 1iters per minute.
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% decomposition of

ammonla

Velocity of gas flow in 1/min

Figure 10. Degree of ammonla decompostion with participation of
quartz vessel walls as a function of space velocity of gaseous
stream of air-ammonia mixture at a temperature of 600 degrees Cen-
tigrade (curve I), 700 degrees Centigrade (curve II), and 800 de-
grees Centigrade (curve IIT). Surface of walls 52 square cen-
timeters. I, percent of NHB decomposition at 600 degrees; II,
percent of decomposition at 700 degrees; III, percent of NH3 de-

composition at 800 degrees.

Satisfactory repetition of experiments on decomposition of
ammonia is apparent from a comparison of curve II, Figure 8, and
curve I, Figure 9. These curves were obtained at different times

by different workers.

% decomposition of

ammonia

Figure 11. Degree of ammonia decomposition with participation of
quartz vessel walls as a function of temperature at space velocity
of gaseous stream of nitrogen ammonia mixture amounting to 0.5

liters per minute (curve I), and 2 liters per minute (curve II).
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(Figure 11 cont'd)

Surface of walls 52 square centimeters. I, 0.5 liters per mi-

nute; II, 2 liters per minute.

Flgure 11 shows the percentage of ammonis decompogition as
& function of the temperature for two velocities of the gaseous
stream of nitrogen-ammonia mixture (8 percent of ammonia) . Curve
I relates to space velocity of 0.5 liters per minute while curve

TT relates to the velocity of 2 liters per minute.

Comparison of data shown in figures 11 and 9 leads to &
conclusion concerning the participation of oxygen of the ammonia-
air mixture in the exothermic oxidation of ammonia to nitrogen;
it increases the rate of ammonia decomposition several times by
comparison with that obtained on decomposition of ammonia in the

] presence of nitrogen.

% decomposition of

ammonia

] i Figure 12, Degree of ammonia decomposition with participation of

‘ ; quartz vessel walls as & function of temperature without admixture
of hydrogen sulfide (curve I), and with the air-ammonia mixture
containing 0.1 percent hydrogen sulfide. Space veloc%ty of gaseous
stream 2 liters per minute. Surface of walls 52 square centimeters.

I, without HpS; II, 0.1 percent HoS.
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Figure L2 shows a comparison of Lwo curves which give the

decomposition of ammonla as & functlon of temperature in a vessel

free of platinum; curve I was obtained in the absence of hydrogen
sulfide, while curve II was obtained in the presence of an admiz-
ture of this catalyst polson, Veloclty of ammonia-sir stream in
both experiments was equal to 2 liters per mimute. It can be

seen from Figure 12 that a negligbly small admixture of hydrogen
sulfide decreases decomposition of ammonia to less than one half.
Hydrogen sulfide obviously poisons the surface of the quartz vessel
walls which take part in this process. It is not difficult to
visualize what must be the result of polsoning of vessel walls

by hydrogen sulfide on catalytic oxidation of ammonia to nitrogen
oxide. Under these conditions the hydrogen sulfide by inhibiting
decomposition of ammonia by the walls of the vessel, and thus con-
tributing to its access to the catalyst surface, must increase

the yield of nitrogen oxide.

Table I shows that this is actually the case. Results
given in this table were obtained in two contact apparatuses con-
nected in series with a total wall area equal to 176.5 square cen-
timeters, The upper apparatus witﬁ an area of 59.3 square centi-
meters had been previously freed of the platinum screen and the ;
platinum dust and served merely to increase the quartz surface
preceding the catalyst. The lower apparatus contained platinum
as usually used in performing experiments on catalytic oxldation T e {
of ammonia. Both apparatuses were heated by means of separate
electrical coils. The air-ammonia mixture was fed into the upper

apparatus, was heated to a definite temperature level, and reached
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TABLE T
' }
Velocity of, Temperature of Temperature of Percent of Percent of oxidation
gaseous stream upper apparatus lower apparatus hydrogen suifide of ammonia to nitro-
lit/min ¢ without catalyst with platinum gen oxide
‘ (degrees Bentigrade) screen. °C.
. — 800 - 90.17
700 800 — 63.20
600 700 — 33.39
600 700 0.1 19.07 -
0.5 600 700 — 27.76 ‘;l
600 700 0.1 94.35
500 600 —_ 22,01
500 600 0.1 79.77
800 — -— 51.16
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the catalyst in the lower apparatus. When an additlon of hydro-
gen sulfide was used (0.1 percent) the entire mixture also first
entered the upper apparatus and then the lower. Before a sample
wag taken for analysis the reaction mixture was passed through

the apparatus for two to three hours.

Tt follows from Tgble I that increase of the area of quartz
wall surfsce heated to 700 degrees Centigrade, and preceding ‘the
catalyst, results in a decrease of nitrogen oxide yield {rom
90,17 to 63.2 percent, while an addition of 0,1 percent of hy-
drogen sulfide increases the yield of nitrogen oxide from 27.76

to 94.35 percent, thet is, by more than 60 percent.

1t must be mentioned that in experiments conducted using
the same two quartz apparatuses without a platinum screen, 51,46
percent nitrogen oxide was obtained, formed as & result of the
presence of platinum dust deposited on the walls of the lower

apparatus.

It is also of interest to note that an increase of hydro~
gen éulfide concentration up to 2 pércent results in a pronounced
drop of the nitrogen oxide yield. Under these conditions not only
the walls of the vessel are poisoned but also the platinum cata- i
1yst, which leads to the appearance of ammonium nitrate and nit-

rite fumes, as this usually occurs when unreacted ammonia passes

e TSR

through the screen.

From Table I it follows that the main ceuse of nitrogen %
de~fixation and corresponding decrease of nitrogen oxide yields

on catalytic oxidation of gmmonia at excessively high tempera-
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ture values and contact duratlons is the oxidatlon of ammonia to
nltrogen, to which contribute the platinum free walls of the quartsz

vessel preceding the catalyst.

Thus, from all of the above~presented data it follows that
occurrence of optima 1s connected not with the mechanism of the
basic catalytic process but with a side reaction which is, how-
ever, difficult to eliminate completely, Thus in a number of in-
vestlgations, external héating of the entire vessel walls or of
only a portion thereof preceding the catalyst was omitted entirely,
but optima and de-fixation associated therewith still were pre-
sent, This is explained by the fact that strong heating of the
catalyst (800 degrees Centigrade and higher) unavoidably results
in heating of the walls preceding the catalyst to 400 -~ 600 de-

; grees Centigrade, that is, to a temperature at which considerable
| decomposition of ammonia takes place (see Figure 8), especially at

excessively low velocities of the gaseous stream.

The most reliable means of counteracting the detrimental
effect of the walls of the vessel preceding the catalyst would be,
as follows from the present study, to cover completely all the
heated portion of vessel walls with platinum or another material
that is inért, or promotes not the decomposition but the oxidation
of ammonia tonitrogen oxide., The foregoing relates to laboratory
experiments. Insofar as manufacturing conditions are concerned,

the problem requires additional study.
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Conclusions

e e —————

1, The cause of the ocourrence of optima in temperature
and contact duration on catalytic oxldation of ammonia over ple-
tinum screens has been determined under 1aboratory conditions.
The csuse is the conversion of ammonia into nitrogen before it
reaches the catalyst, the walls of reaction vessels participa-
ting in this conversion, The conversion occurs ab an expeclally
high rate at high temperatures and prolonged contact durations,
which results in the occurrence of optima and a linear correla-

tion between them under these conditions.

2., The cause of increased yields of nitrogen oxlde on
introduction of small admixtures of & poison-hydrogen sulfide,
which increase the yield by 5 to 6 percent (6) and even by 20
to 30 percent (7), has been determined., Hydrogen sulfide poi-
sons the walls of the reaction tube preceding the catalyst and
thus decreases the percentage of ammonia decompostion and in-
creases correspondingly the degree of its conversion into nit-

rogen oxide.

3. The cause of activation of the éatalyst on passing
over it the reaction mixture at conditions optimum for the pro-
quction of nitrogen oxide, with respect to temperature (800 de-
grees Centigrade) and contact duration, has been determined.
Under these conditions the catalyst surface is considerably in-
creased due primarily to the coating of vessel walls with plati-
pum dust, which concurrently results in a decrease of free sur-
race area of the walls, and consequently a decrease of the per-

centage of ammonia decomposition prior to its contact with the
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catalyst and a corresponding inerease of nitrogen oxide ylelds,

4. From the fact that in the catalytic oxidation of ammo-
nie to nitrogen oxide the optima and linear correlations between
them are not characteristic of the basic reactlion, it follows
that it is necessary to re-examine and amend theories based upon
these optima; it is also necessary to improve methods of labora-
tory and plent investlgations, taking into account that at the
walls of reaction apparatus an oxidatlon of ammonia to nitrogen and
nitrogen oxide (pulverulent catalyst) occurs. A method has been

proposed to eliminate thig defect.

5, As a result of the oxygen taking part in de-fixation
of nitrogen by the vessel walls free from pletinum, there takes
place (in advance of the catalyst) not a decomposition but an
oxidation of ammonia to nitrogen if this is favored by tempera-
ture and contact duretion under non-optimum conditions. This
oxidative decomposition of ammonia has & heterogeneous-homogeneous
mechanism (17); vessel walls merely initiate a homogeneous oxi-
dation of ammonia to nitrogen in advance of the catalyst; an
analogous process takes place also beyond the catalyst, as estab-
lished by our investigations (11) and other researches (12). On
the whole, the catalytic oxidation of ammonia constitutes a com-
plex heterogeneous-homogeneous process. However, the place and
mechanism of nitrogen oxide formation have remained undetermined

by the outcome of the present study.

Academy of Sciences, Ukrainian SSR

Institute of Physical Chemistry i Received for publi-
imeni L. V. Pisarzhevskiy, Kiev cation 27 November 1950
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